The Life Satisfaction Questionnaire (LiSat-11), including one global item and 10 domain specific items, is used to evaluate life satisfaction in persons with late effects of polio. However, there is a lack of knowledge about its psychometric properties.
Introduction
Many persons with an acute poliomyelitis infection in their childhood or youth experience new symptoms later in life. This is referred to as late effects of polio (LEoP). 1 Common impairments of LEoP include muscle weakness, pain, fatigue, and cold intolerance. 2, 3 Sleep disturbances, concentration difficulties, memory difficulties and mood swings are also reported and may be directly or indirectly associated with the LEoP. 2, [4] [5] [6] The impairments can affect the ability to perform activities, perceived participation in society and life satisfaction.
Previous studies have found that an increased disability following LEoP is associated with decreased life satisfaction compared to healthy persons. 3, 7, 8 Life satisfaction is related to concepts such as happiness and wellbeing and can be described as how a person perceives his or her life situation. 9 The level of satisfaction is affected by the person's expectations with life and thereby reflects how well aspirations and achievements are met. 10, 11 As LEoP will lead to a life-long disability, 4 the focus during rehabilitation is to increase persons' understanding about their condition and to develop strategies in order to manage daily life, participate in meaningful activities and thereby improve life satisfaction. 7, 12, 13 To be able to assess life satisfaction and to evaluate effects of interventions for persons with LEoP, valid and reliable outcome measures should be used. One commonly used self-report outcome measure to assess life satisfaction in LEoP 3, 7, 14 and in other neurological conditions [15] [16] [17] [18] [19] [20] is the Life Satisfaction Questionnaire (LiSat-11), developed and validated by This article is protected by copyright. All rights reserved.
Fugl-Meyer et al. 9, 21 LiSat-11 includes one question about global life satisfaction 'Life as a whole' and 10 domain specific questions about vocation, economy, leisure, contacts with friends and acquaintances, sexual life, ADL (ability to manage self-care in dressing, hygiene, transfers), family life, partner relationship, somatic health, and psychological health. In clinical practice and in research, life satisfaction is sometimes assessed by using only the global 'Life as a whole' item. 14, [22] [23] [24] Even though LiSat-11 is commonly used, few studies have evaluated its reliability. In a cohort of 30 persons with low back pain the sum score was found to have good test-retest reliability (ICC = 0.71), 25 but no further analyses of each items were made. In a sample of persons with chronic stroke, the item scores were found to have good to excellent test-retest reliability based on the Kappa coefficients and high percent agreement. 26 That study also evaluated associations between the global and domain specific scores and found that all domain specific items, except one, were significantly correlated to "Life as a whole". 26 When reliability is evaluated, it is important to include the targeted population in whom the outcome measure is intended to be used. 27 To the best of our knowledge, no previous study has evaluated the reliability of LiSat-11 in persons with LEoP. A better understanding how the global item is representative of the 10 domain specific items is also important to determine, which is useful in both research and in clinical practice. Thus, the aim of this study was to evaluate the test-retest reliability of the LiSat-11, in terms of agreement and systematic and random disagreements, in persons with LEoP and to investigate the associations between the global item and the domain specific items.
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Methods

Participants
The participants in the present test-retest study had: 1) a confirmed history of acute poliomyelitis with new symptoms after a period of functional stability of at least 15 years (clinically and electromyographically verified), and 2) ability to walk indoors with or without an assistive device. They were recruited from a university hospital with a post-polio rehabilitation clinic in the south of Sweden and had previously been included in a study about falls, fear of falling, self-reported impairments and walking limitations. 28 From this sample (n=325), 81 persons were randomly selected and invited to participate in the present study, and 51 accepted the invitation. Each person gave his or her written consent to participate in the study. The principles of the Declaration of Helsinki were followed.
Assessments and procedure
The global and the domain specific items of LiSat-11 21 were administered at two occasions, two weeks apart. The items were rated according to six response options: 1 = very dissatisfying; 2 = dissatisfying; 3 = rather dissatisfying; 4 = rather satisfying; 5 = satisfying; and 6 = very satisfying. Higher scores indicate greater level of perceived satisfaction.
The LiSat-11 was sent to the participants by mail together with information about the study, an informed consent form, a questionnaire about their living situation, vocational situation, self-perceived impairments, walking ability, and mobility aids. Background data such as age, gender, age of onset of acute polio and onset of LEoP were obtained from the medical records. The participants responded to the first questionnaire (test occasion 1; T1) within 1 month and sent it back in a prepaid envelope including the date when they completed the questionnaire. Thereafter, the participants received the second questionnaire including a date when responding to it (test occasion 2; T2), so the time interval between T1 and T2 became two weeks. The participants were instructed to return the second questionnaire in a prepaid envelope within 1 week.
Data analysis
Descriptive statistics, such as means, standard deviations (SD), frequencies, median and maximum and minimum (min-max) or interquartile ranges, were calculated for demographics and clinical characteristics of the participants.
The test-retest reliability of each item in LiSat-11 (ordinal scale 1 to 6) was evaluated by the Kappa coefficient (the proportion of agreement observed beyond the agreement expected by chance) using quadratic weights. [29] [30] [31] Each item was also evaluated by the Svensson rankinvariant method. 32 The strength of the Kappa coefficient was interpreted as < 0.40 poor, 0.40 to 0.75 fair to good, and > 0.75 excellent. 33 The Svensson method was used to evaluate the percent agreement, the proportion of participants that had rated the same score or ± 1 point (PA ≤ 1 point) and the disagreement, i.e. lack of agreement, in the test-retest ratings. The disagreement was evaluated as the relative position, RP, and the relative rank variance, RV. 32 The RP determines if there is a systematic disagreement, i.e. a systematic shift of ratings to higher or lower scores. Possible RP values range from -1 to 1 and zero values indicate a lack of systematic disagreement. A positive RP value indicates that the participants had higher scores on T2 than on T1. The RV is a measure of the random disagreement and range from 0 to 1. A RV value larger than zero indicates the presence of random disagreement and the higher the RV value the more dispersed are the test-retest ratings. The RP and RV values were calculated together with a 95% CI; a statistically significant disagreement was indicated by a 95% CI not covering zero.
The Spearman rank correlation coefficients (rho) were calculated to analyze the association between the global item 'Life as a whole' and the 10 domain specific items. The correlations were calculated on data from the first test occasion. The strength of the correlations was interpreted as: rho < 0.5 low; 0.5 to < 0.7 moderate; > 0.7 high. 34 Data were analyzed with the IBM SPSS Statistics version 25 
Results
Participants
In Table 1 , the characteristics and demographics of the 51 participants (61% male) are shown.
Their mean age was 72 years and they had lived with LEoP on average 18 years. Most participants lived with a partner and had left work due to old age pension or accession of disability pension. More than half of them reported problems with muscle weakness, pain during activity, breathing difficulties or fatigue. All participants could walk indoors and a majority could walk 100 meters or more, indicating mild to moderate LEoP. Two thirds needed walking aids and about a quarter of the participants used a wheelchair for longer distances. Table 2 presents the frequencies of the participants' ratings for each item of LiSat-11 at T1 and T2, together with the median and the interquartile range. The medians of the items were 5 to 6 (satisfied or very satisfied) except for the item 'Sexual life' (median of 3, rather dissatisfied) and 'Somatic health' (median of 4, rather satisfied). Table 3 shows the test-retest reliability for each item of LiSat-11. The Kappa coefficients ranged from 0.64 to 0.90. All items had a Kappa coefficient larger than 0.75, except for the items 'Psychological health' (0.74) and 'Economy' (0.64). The PA ≤ 1 point ranged from 92% to 100% for all items. Eight of the 11 items showed negative systematic disagreements (ranging from 0.01 to 0.09), but were non-significant. Also, no significant random disagreements (ranging from 0.00 to 0.07) were found for any of the items. Table 4 presents the correlations between the global item 'Life as a whole' and the 10 domain-specific items. All domain specific items were significantly (P<.01) correlated with 'Life as a whole' and ranged from rho = 0.41 to 0.75. Most items showed correlations between 0.52 and 0.66. The highest correlation was found for the item 'Leisure' (rho = 0.75). 
Item scores of the two test occasions
Test-retest reliability
Association between 'Life as a whole' and the domain-specific items
Discussion
The present study evaluated the reliability of LiSat-11 and the associations between the global and the domain specific items. The analyses revealed that test-retest reliability was excellent according to the Kappa coefficients for most items and the percent agreement was high for all items. No systematic or random disagreement was found according to the Svensson method.
Most of the domain specific items were moderately correlated to the global item 'Life as a whole'.
As LEoP leads to a life-long disability and impacts on the person's current life satisfaction, it
is important that outcome measures assessing life satisfaction are psychometrically sound. In this study, a comprehensive reliability analysis of LiSat-11 was made with several statistical methods. Kappa coefficients were calculated to measure agreement of the test-retest scores beyond that expected by chance. As the Kappa coefficient can be sensitive to the number of categories (response options) and the spread of scores in the categories, 35 an expanded analysis was performed including the percent agreement and the systematic and random disagreements according to the Svensson method. 36 We found that the test-retest reliability of LiSat-11, according to the Kappa-coefficients, was good to excellent and all but two items showed excellent agreement (> 0.75). Furthermore, the test-retest scores had high percent agreement for all items (PA≤ 1 > 92%). This is in line with the previous study in persons with chronic stroke that reported similar same Kappa-coefficients (0.59-0.97) and high percent agreement (PA ≤ 1 > 89%). 26 In the present study, most items showed negative systematic disagreements, indicating that the participants systematically rated lower scores at T2. However, the systematic and random variations were small and non-significant. The results differ somewhat to the stroke study, 26 where more items (7 of 11) showed positive systematic disagreements but no significant systematic or random disagreements, except for "Partner relationship" (i.e., a small negative change in RP). Thus, some random variation might be expected when using LiSat-11 in these populations.
Furthermore, in the stroke study 26 the participants rated their life satisfaction during an interview at the rehabilitation department, whereas in the current study the LiSat-11 was responded to at the participants' home. Altogether, our findings indicate that LiSat-11 is reliable for persons with LEoP and our results also suggest that LiSat-11 is suitable to be used as a postal questionnaire.
Even if the reliability overall was high in persons with LEoP, some participants did not rate all items (constituting missing responses). The item 'Sexual life' was rated by 46 of the 51 participants at T1 and by 47 at T2. Similar missing responses in reliability studies of life satisfaction have also been shown in persons with low back pain and acquired brain injury. 25, 37 Possible explanations could be that participants without a partner or with no sexual life preferred not to rate this item. Furthermore, in our study the item 'Family life' was only rated by 44 participants (at T1 and T2) and the item 'Partner relationship' by only 41 at T1 and by 40 participants at T2. However, these items include an option to answer 'no family' or 'no partner' instead of rating them. Thus, some items in LiSat-11, such as 'Vocation' and 'Sexual life', are supposed to be rated even if they may not be relevant to the person, whereas other items, such as 'Family life' and 'Partner relationship', can be left out even if they could affect a person's life satisfaction.
As the global item, satisfaction with "Life as a whole", can be used as a sole measure of life satisfaction we determined the association between the global and domain specific items.
Most domain specific items were moderately correlated to 'Life as a whole', which indicates that LiSat-11 measures various aspects that can impact on a person's life satisfaction. The item 'Leisure' showed the strongest correlation, suggesting that leisure activities are important for global life satisfaction. 'Sexual life', 'Economy' and 'Partner relationship' showed the lowest correlations to 'Life as a whole', in line with the previous study in persons with chronic stroke. 26 The results of the current study suggest that there are individual variations regarding the degree of importance of different domains for satisfaction with 'Life as a whole'. Even if some domains in life are perceived 'not satisfying' this will not necessarily be reflected in the global item of LiSat-11, as other domains may be perceived 'satisfying' or 'very satisfying'. Thus, even if the global question is easy to use and a convenient overall measure of life satisfaction in LEoP, the global item cannot fully replace the information achieved from the domain specific items. To obtain a deeper understanding of satisfaction of various aspects in life, it is recommended that all questions of LiSat-11 are assessed.
A strength of this study is that 51 participants were included, which can be considered sufficiently large when the reliability of an outcome measure is evaluated 27, 38 . The test-retest assessments were performed under the same conditions and according to the test protocol, and, as recommended, a time interval of two weeks was used. 39 As the participants had mild to moderate disability and were ambulatory the results cannot be generalized to the entire population of persons with LEoP.
Conclusion
LiSat-11 is a reliable outcome measure to assess life satisfaction in persons with late effects of polio. The association between the global item "Life as a whole" and the domain specific items indicates that LiSat-11 measures various aspects that can impact on a person's life satisfaction. The global question "Life as a whole" is useful as an overall measure but cannot fully replace the information obtained from the domain specific questions of LiSat-11. 
Table 2. Frequencies of the ratings of the item scores of LiSat-11 on the first and second test occasion
Response options
Items (nT1/ nT2) (1) Very dissatisfied (2) Dissatisfied (3) Rather dissatisfied (4) Rather satisfied (5) Satisfied (6) This article is protected by copyright. All rights reserved. This article is protected by copyright. All rights reserved.
